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OD optical flats to create a 0.5 L inner volume. Two side stems are attached on the same side orthogonal to the main body, which are sealed with Teflon stopcocks that are used for loading the SEOP-cell with 129 Xe:N 2 mixtures, and for transferring HP 129 Xe to a Tedlar bag or a phantom after the SEOP process is completed (the latter was used in the experiments described in this study). Each SEOP-cell used is pressure-tested to ~3.5 atm above atmospheric pressure.
Preparation of the SEOP-cells has been described earlier, [3] [4] and will only be discussed briefly here. After pressure testing each SEOP-cell, it is then placed in a KOH/methanol base-bath for a 24 hour period to remove all impurities from the glass surface. The cell is then cleaned with distilled water and ultrasonically cleaned in a 50/50 water-methanol mix for ~1 hour before finally being rinsed and placed inside a low-temperature (~100 ºC) oven to remove the residual methanol. The dried cell's interior surface is then coated with siliconizing agent (SurfraSil, P/N PI-42800, Fisher Scientific) to increase the 129 Xe T 1 relaxation time. The coating solution is prepared by diluting 1 mL of SurfraSil in 9 mL of hexane. A portion of the resulting solution is pipetted into a clean SEOP-cell and swirled around for a few minutes to coat all glass surfaces.
The solution is then removed and the cell is rinsed with hexane. The cell is then oven-dried once again, and it is then allowed to cool. The produced SEOP-cell is evacuated down to < 10 -3 Torr prior to placing it inside a glove box in preparation for loading it with ~250 mg of molten Rb metal under an inert (N 2 ) atmosphere.
Once the SEOP-cell is loaded with Rb, it is sealed (via its stopcocks) and removed from the glove box and placed on a gas manifold to be evacuated. Once evacuated, the cell is re-sealed and the Rb droplet is vaporized by heating it to distribute a fine layer of Rb coating throughout the cell. Because of outgassing of the Rb droplet, the Rb coating process may take a few cycles.
When the coating is completed, the cell is then evacuated again, and loaded with the desired 129 Xe / N 2 gaseous mixture composition for use.
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SEOP/in situ NMR Electromagnet: The homogeneous field used for SEOP and in situ NMR detection is generated from a four coil ( Fig. 1) electro-magnet assembly (Acutran, Fombell, PA), which follow Barker electromagnet configuration described earlier. 2 The four individual coils of ~24 in. OD are connected in series and are operated with a single power supply (PSU) to generate a 4.00 mT (47 kHz 129 Xe Larmor frequency) or 1.10 mT ( 1 H Larmor frequency).
In Situ NMR Probe: The surface RF coil was constructed using a ~0.5 in. ID former made of nylon material. The coil was made of ~400±40 turns with 30 gauge magnet wire (McMaster Carr) and resulted in ~1 in. OD. The RF coil windings were kept in place by two G10 plastic plates (~1.6 mm thick). The coil was tuned to 47 kHz using 3,700 pF capacitance by C22CF series capacitors (Dielectric Laboratories, Cazenovia, NY). The RF coil (which was not matched by capacitance) was connected directly to a Kea2 NMR spectrometer (Magritek, New Zealand) with high impedance RF probe interface and DC-1MHz duplexer configuration. The RF coil was placed immediately below the center of the SEOP-cell with an air gap of ~2±1 mm and mounted to the SEOP-oven body using ¼"-20 nylon rod.
NMR Spectroscopy and MRI at 47.5 mT:
The ex situ NMR spectroscopy was carried out in the 47.5 mT 88 mm bore MRI system, which was in-house assembled using Magritek components (Wellington, New Zealand). Briefly, the system has 88 mm inner bore with 3 gradient (x, y, z) coils that allow for both gradient pulses and shimming. Dual channel X-1 H RF coil was employed, where X channel can be tuned to 13 C or 129 Xe frequencies of 508 kHz and 558.6 kHz respectively. [5] [6] The X coil has 2 in. ID, and it is 8 in. long. 6 While 13 C RF pulses were calibrated as described previously, 129 Xe magnetization was large, potentially causing ADC overflow. To mitigate the potential signal-detection challenges and to be able to use gradientecho (GRE) imaging sequences with small angle RF excitation pulses, a 20 µs (at ~80 mW) long RF pulse was employed for all 129 Xe detection. All spectra were acquired using 5 kHz spectral S5 width. 90° excitation RF pulse was used for detection of 13 C, while 2.7±0.1° RF pulse (20 µs at Small-angle RF pulse-angle calibration using hyperpolarized 129 Xe and ex situ quantification of hyperpolarized 129 Xe was performed as follows: A 20 µs (at ~80 mW) long RF pulse was calibrated using direct detection of hyperpolarized 129 Xe. A series of GRE images was acquired, It was additionally corrected for the small-angle RF excitation pulse, the small difference in their
Larmor frequencies (between HP 129 Xe scan at 558.6 kHz and thermal 13 C scan at 508 kHz) and the magnetic moments as follows:
where P( 13 C) = 4.1×10 -8 is the 13 C equilibrium polarization at 47.5 mT and 35 °C, χ 13C and χ 129Xe are quantities of 13 C and 129 Xe samples respectively, S 13C and S 129Xe are the NMR signal intensities of 13 C and 129 Xe samples respectively, and α is the small tipping angle of the excitation RF pulse used for detection of the hyperpolarized 129 Xe signal.
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Appendix A: T 2 * correction for polarization quantification using an external reference
In situ quantification of %P Xe requires external standard for polarization calculation according to the following equation assuming the signals from reference and HP samples were acquired using the same RF excitation (in degrees) pulse: corresponding to proportionately equal loss of NMR signal in both samples during preacquisition delay, T AQ . This is not the case the 3D-printed polarizer used here, because T AQ is appreciably large, and T 2 *(HP) < T 2 *(REF). As a result, a compensation factor C T2* is introduced to accommodate for the losses of NMR signal due to T 2 * and T AQ as follows The decay rate of FID is describes by exponential decay as
The integral of the exponential function is used for calculation of the NMR signal intensity as
where t 1 and t 2 are NMR signal integration limits. It follows that full NMR signal with T AQ = 0.0 ms is
The 'undetected' NMR signal during T AQ is
The observed NMR signal is therefore
and the percentage of observed signal with respect to the full signal is
For T 2 *(H 2 O) = 15.5 ms, T 2 *( 129 Xe) = 10.4 ms, and T AQ , C T2* is
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Appendix B: Table S1 . Summary obtained from the exponential fit of the build-up curve, which is a sum of the spin exchange rate and the xenon spin destruction rate, see the main text; γ SEOP error is the calculated error of the spin exchange optical pumping rate. These results were used to produce the 2D contour plots of 
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Figure S1. Data taken from Table 1 showing that in general, 129 Xe polarization is still growing with increasing laser power up through the maximum available incident laser power (~170 W). The Legend indicates the curves corresponding to cells containing 275, 515, 1000, 1500, and 2000 Torr Xe partial pressure.
